Abstract. Annealing of complex semiconductors GaP and CdP 2 , irradiated at room temperature by high fluences of electrons within 1…30 MeV energy interval and 80 MeV α-particles, was carried out, and main electrical parameters (conductivity σ, carrier concentration n and mobility µ) as well as the positron lifetime τ were studied and analyzed. When the point defect concentration excesses some critical value, defects of new kind are formed: oscillation peaks in the isochronous annealing curve appear, and defects with a high cross-section of defect scattering and capture are created. High temperature annealing of the irradiated sample with increased vacancy concentration causes appearance of the vacancy voids with a lower electron density.
Introduction
Condensed medium under external energy flows appears to be an open system. In order to describe regular behavior of this system and processes of its structural changes, the methods and principles of synergetic are used.
Synergism might be especially inherent to the samples with a high concentration of radiation defects. Stochastic origin of initial defects and fluctuation character of the created structural defects are the reasons for the variety of all observed phenomena in irradiated crystals. The effect of synergism the most obviously occurs after reaching the definitely critical dose and might manifest itself in atypical behavior of the dose dependence of conductivity, oscillation nature of annealing curves and its additional stages as well as in creation of superlattices [1, 2] .
Some known phenomena, e.g. the Wagner effect, might be attributed to self-organization, when the samples heated to a certain temperature begin to allocate heat, while transition into the more ordered state due to annihilation of radiation defects. Diffusion of lattice defects, stimulated by radiation, and also swelling the constructions of nuclear reactor, which is caused by the vacancy coagulation, are the self-ordering processes, too. And appearance of long-lasting relaxation processes in crystals directly after irradiation and during annealing might be considered as self-organization [3] [4] [5] .
Experimental
Complex semiconductors GaP and CdP 2 irradiated at room temperature by high fluences of electrons within 1…30 MeV energy interval and 80-MeV α-particles were studied. The samples were annealled after irradiation within the interval of 140 up to 700 K for 20 min. The electrical parameters (conductivity σ, carrier concentration n and mobility µ) as well as the positron lifetime τ were analyzed.
Results and discussion
It was found that recovery processes of the electrical parameters (σ, µ, n) during annealing of GaP samples irradiated by 4 When the concentration of point defect grows, annealing behavior changes: recovery stage with 500 °C maximum appears, followed by the negative annealing stage, where the electrical parameters worsened sharply, and the mobility annealing curve has become multistage. This µ behavior (Fig. 2) might be caused by the appearance of an unstable complex of defects, which affect ambiguously the charge carrier scattering at 400…700 °C. Reconstruction of defects is accompanied by their emission.
At high annealing temperatures (T > 700 °C), all electron parameters (σ, µ, n) degrade sharply, which is an evidence of formation of the qualitatively another defects with large scattering and capture cross-sections of charge carriers.
The increase of the electron irradiation energy as well as increase of the defect concentration causes new qualitative changes in the annealing process character. One can see in Fig. 3 that the electron mobility annealing curve within 150…350 °C interval exhibits a wide maximum. Then, µ drops, and it might testify about transformation of the previously formed defects into those of a qualitatively new kind. One can strictly observe this transformation in the concentration recovery curve -specific contribution of the second annealing stage grows nearly to 50 percents (curve 1). The changes of the defect kind are supposed to be related with the increase of relaxation intensity (see curve 5).
It is possible to observe the transition of quantitative changes into the qualitative ones on kinetics of radiation defects accumulation, when enhancing the electron fluence. Fig. 4 shows resistivity dependence on the electron fluence for two cadmium diphosphidе samples. The increase of defect concentrations causes the resistivity increase, but when Ф > 10 17 cm -2 another tendency is evident -resistivity drops monotonously and might be less than the initial one.
Measure of the positron lifetime during annealing in GaP irradiated with 80-MeV α-particles under the fluence 10 17 cm -2 demonstrates the same process of quantitative changes transition into the new qualitative ones (Fig. 5) . The lifetime increase during irradiation is caused by the vacancy defect accumulation with a low electron density.
The decrease of positron lifetime testifies about vacancy annealing (T < 400 °C), but at T > 700 °C the lifetime grows due to formation of vacancy voids mainly possible from bivacancies or complex vacancy-type defects. We observe this phenomenon while analyzing the conductivity annealing curves of irradiated GaP (Figs  2 and 3 ).
Conclusion
The irradiated crystal which as a non-equilibrium open system is able to demonstrate qualitative transition in the moment when a monotonously changing specific inner factor (which influence on system properties) reaches the critical value. It is clear from the above studied annealing process that it is the concentration of radiation defects that plays the role of this factor. When the defect concentration exceeds some critical value, the defects of new kind are formed: oscillation peaks in the isochronous annealing curve appear, and defects with a high crosssection of defect scattering and capture are created.
Accumulation of defects during irradiation might provoke an effect opposite to the initial one -the conductivity of the sample with high defect concentration has become greater than in the non-irradiated sample.
High-temperature annealing of the irradiated sample with the increased vacancy concentration causes appearance of the vacancy voids with the lower electron density.
It has been considered that the increase of defects concentration might be the reason for the qualitative changes in the electrical properties of irradiated crystals as well as increase in the intensity of diffusion processes during the high-temperature annealing.
